Nerve cells (neurons) are the basis for processing and propagation of information in the nervous system. The morphology of neurons, the generation of action potentials and intercellular communication by chemical and electrotonic synapses is described and illustrated by schematic and electron microscopic pictures. Neurotransmitters are described according to their mode of action and the action of pharmaceutics and drugs on receptors and neurotransmitter levels is explained.
Introduction

1
All tissues and organs consist of functional (parenchyma) and of structural elements (stroma). In the nervous system neurons represent the parenchyma and glial cells the stroma. The central nervous system comprises brain and spinal cord; all other nervous tissues are termed peripheral nervous system. Glial cells support neurons in terms of physical stability and creation of an internal milieu optimal for neuronal function.
Neurons possess a cell body with a large nucleus, endoplasmic reticulum, mitochondria and other organelles typically found in eukaryotic cells. Processes are structures that extend away from the cell body (soma) and are called dendrites if they bring information to the cell body. The axon is a nerve fibre, which transmits information from the cell body to the periphery. A neuron may have many thousands of dendrites, but only one axon. At the end of the axon the axon terminals are located, which contain neurotransmitters (NTs) for the connection to other neurons. Most neurons of the central cortex are multipolar. In sensory neurons of the dorsal root ganglia the axon divides into a peripheral axon to the receptors and a central axon to the spinal cord. These neurons are classified as pseudo unipolar as only one process starts from the cell body (Fig. 1a) . Ganglia of other sensory organs, in the retina and in the vestibulocochlear nerve, are bipolar cells (Fig. 1b) . Multipolar neurons have multiple dendrites and one axon (Fig. 1c) . The neurons with the most extended dendrite branch are the pyramidal cells of the cerebellar cortex (Fig. 1d) . Most common techniques to study the architecture of neurons use thick section of brain tissue or on whole-mounts (e.g. of retina, Fig. 1e ). The neurons are stained either after fixation with classical dyes as used in the Golgi stain or fluorescent dyes are injected into the neuron.
Neurons do not work as single cells but in networks. Although the cerebral cortex is regarded as the decision maker no single neuron is the supreme commander. To act as networks neurons have a mechanism for intracellular and intercellular signalling. Intracellular signalling is achieved by the sending of electrical signals (action potentials) along axons and is called conduction. Intercellular communication is achieved by synapses. Figure 1 . Types of neurons. Neurons consist of cell body (soma), one axon and zero to multiple dendrites. Pseudo uni-polar neurons possess only one axon which splits into a peripheral axon and a central axon (a). Bipolar neurons possess one dendrite and one axon both ending in terminal branches (b). Multipolar neurons have multiple dendrites and one axon (c), pyramidal cells of the cerebellum (Purkinje cells) have the most complex dendritic tree (d). In conventional histological sections this architecture (a-c) cannot be seen. In thick slides of tissue soma and processes including specialisations of processes like dendritic spines can be discerned (e).
A. Intracellular signalling
The principle of action potentials and of conduction relies on ions, which move across the neuronal membrane. Alan Hodgkin and Andrew Huxley developed the model for the generation of the action potential. The protein membrane of a neuron acts as a barrier to charged particles (ions). Ions can only move across the membrane through ion channels, specific protein structures in the membrane. When the ion channels are closed, the membrane potential of a neuron is -70 mV (resting potential). Potassium channels are more permeable to potassium than sodium channels to sodium and less sodium ions pass through the sodium channel to the inside than potassium ions to the outside. When a neuron is stimulated, the membrane potential becomes slightly more positive, it partially de-polarizes (Fig.  2) . If this depolarization reaches the neuron's threshold, the neuron will initiate an action potential: sodium ions rush in through the opened sodium channels and the inside of the membrane becomes more positive than the outside. The sodium channels then close and the potassium channels open. Repelled by the positive charge inside, potassium ions move through the open potassium channels to the outside. The outward movement of potassium ions is called re-polarization. The potassium channels close and create a small undershoots in the membrane potential. During this period, the neuron cannot fire another action potential. In the last phase, excess sodium ions and potassium ions diffuse away from the membrane, and the potential is spread along the membrane of the axon by conduction. The refractory period is important for the conduction of the action potential in the direction of the axon terminals. The absolute refractory period is followed by the relative refractory period where strong stimuli can excite the neuron. This makes sure that the action potential is related to stimulus. Conduction of action potentials. When a neuron is stimulated, the frequency of opening of ion channels is changed and the membrane potential becomes slightly more positive. At the neuron's threshold an action potential is generated: Na + channels open, Na + ions (light balls) rush in and the inside of the membrane becomes more positive than the outside. The Na + channels then close and the K + channels open. K + ions (dark balls) move to the outside. The K + channels then close. Higher concentrations of ions are seen at the membrane for a certain time and create a short hyperpolarization of the membrane potential. In the last phase excess Na + ions and K + ions diffuse away from the membrane thus creating the resting potential.
The velocity of the conduction depends on the amount of charge required to achieve a certain potential and is indicated as capacitance/membrane length unit. Larger capacitance means slower conduction velocity. Capacitance is influenced by temperature and resistance of the medium in-and outside the membrane.
Morphologically, the diameter of the axon and the shielding with myelin are most important parameters. Myelin is formed from membranous sheets that are elaborated by glial cells (Fig. 3a) . Myelin is composed of lipid and protein and acts as insulation; the lamellated structures can be well discerned in electron microscopic images (Fig. 3b) . Conduction velocity in unmyelinated nerves is 1 m/s, in myelinated nerves up to 200 m/s. In both types of axons only minimal loss in intensity of the action potential is observed. The generation of an action potential is an active process and occurs only from one sodium channel to the other. In unmyelinated axons the differences between excited and unexcited regions of the membrane causes small currents. Propagation of the action potential along the nerve is continuous in unmyelinated axons and (Fig. 3c) . In myelinated axons between the myelin segments myelin-free nodes of Ranvier are found, where the concentration of sodium channels is increased. Only at these sites action potentials are generated and the conduction jumps from one Ranvier node to the next ('saltatory conduction'). By this mechanism conduction velocity is increased without the need of increasing the diameter of the axon. Synapses can be recognized by the accumulation of the neurotransmitter containing vesicles (v) and the postsynaptic density (arrowheads). c, upper picture: depolarization of the membrane from the excited areas to unexcited areas occurs in unmyelinated axons continuously. Na + ions get through Na + channels into the axon. The Na + ions transport the signal to adjacent membrane regions and after a certain time Na + ions rush into the axon at the next active area. After the influx of Na + ions into the axon the membrane gets repolarized by the efflux of K + ions. c, lower picture: At myelinated axons the influx and efflux of ions occurs only at membrane parts not protected by myelin (nodes of Ranvier, R).
B. Intercellular signalling
The morphological substrate for intercellular signalling is the synapse. The most common synapse is the chemical synapse; it consists of a pre-synaptic membrane, the synaptic cleft and the postsynaptic membrane. Transmission is slightly delayed at the synapse (synaptic delay) because the communicating cells are separated by a gap. The pre-synaptic element, usually the axon terminal, contains synaptic vesicles and mitochondria. The synaptic cleft is filled with extracellular fluid. It is typically between 20-50 nm wide and separates the pre-synaptic element from the post-synaptic element. According to their ultrastructure asymmetric and symmetric synapses can be discerned. Asymmetric synapses (Gray type I) possess spherical synaptic vesicles and a prominent postsynaptic density (Fig. 4a) ; these synapses generally are excitatory. Vesicles in symmetric synapses (Gray type II) are round or oval and synapses lack a prominent postsynaptic density. Most symmetric synapses are inhibitory in function. Synapses can be classified according to different criteria: based on the cellular location axoaxonic, axo-dendritic, axo-dendrosomatic, dendo-dendritic, axo-somatic synapses can be discerned. Most chemical synapses are axo-dendritic and contact dendritic spines, plastic structures at the dendrites (Fig. 4b) . Dendro-dendritic synapses belong to the electrotonic synapses (see later). As a general rule inhibitory synapses are preferentially located on proximal dendrites and excitatory synapses on distal dendrites and dendritic spines. Presynaptic inhibition (Fig. 4 c) is caused by effects on the axon terminal and transmission through one synapse is decreased. In postsynaptic inhibition the neuron is silenced and the cell's excitability to all inputs reduced. A common form of collateral or recurrent inhibition, a specific type of postsynaptic inhibition, occurs in the motor system and is termed 'Renshaw inhibition'. This kind of inhibition helps to synchronize muscle contraction and regulate muscle contraction to prevent for instance cramps and spasms. Based on the type of contacted cell interneuronal, neuromuscular and neuroglandular synapses are possible. Direct synapses with release of the NT in the vicinity of the receptor can be separated from indirect synapses, where the NTs are released from varicosities of the axon ( (arrows) is seen. c: Pre-and post synaptic inhibition is one of the major mechanisms for regulation of neuronal activity. In pre-synaptic inhibition only the input from one specific synapse is inhibited whereas in post-synaptic inhibition all synaptic input is inhibited and the neuron is silenced. d: Axon varicosities contain NTs and release them freely into the intercellular space not at a synapse.
Chemical synapse a) Interneuronal synapses
The action potential stops at the axon terminal (Fig. 5a ). De-polarization of the axon terminal opens Ca 2+ channels and Ca 2+ enters the axon terminal (Fig. 5b) . The intracellular increase of Ca 2+ promotes the fusion of the vesicles with the terminal membrane and release of the neurotransmitter (NT, Fig. 5c ). The vesicular membrane is recycled (Fig. 5d ) and the released NT diffuses across the cleft and interacts with the receptor at the postsynaptic membrane (Fig. 5e ). The action of the NT is terminated either by re-uptake into the pre-synaptic terminal ( Fig. 5f ) and into the synaptic vesicle (Fig. 5g) or by degradation in the synaptic cleft. The entire process requires only 10-20 msec.
Figure 5. Release of neurotransmitters at the axon terminal. a: Neurotransmitters (red balls) are stored in vesicles in the pre-synaptic neuron. In the resting state only few ions (blue balls) get into the post-synaptic neuron. b: When an action potential invades the pre-synaptic terminal de-polarization causes opening of Ca 2+ channels. An influx of Ca 2+ ions (black balls) into the pre-synaptic terminal occurs. Vesicles move to the pre-synaptic membrane (arrow) and Ca 2+ causes fusion of vesicles and membrane. c: NT molecules (red balls) are released into the synaptic cleft via exocytosis. NT molecules bind to the postsynaptic receptor and open or close a post-synaptic ion channel. An excitatory or inhibitory postsynaptic potential is generated. d: The vesicular membrane (vm) is retrieved from the plasma membrane. e: The density of NTs at the receptor is increased. f: The high concentration of NTs at the receptors is decreased by re-up-take into the pre-synaptic terminal. g: Remaining NT molecules diffuse away from the cleft.
The synaptic delay is the interval between the arrival of the pre-synaptic spike at the synapse and the change in the postsynaptic membrane potential. At the receptor NTs may induce fast and slow responses: opening of ion channels (iontropic transmission) is fast (7 msec latency) whereas action through second messengers (metabotropic transmission, see section Neurotransmitters) is slow (200-300 msec latency).
The postsynaptic cells can either depolarize or hyper-polarize in response to a NT causing an excitatory (EPSP) or an inhibitory potential (IPSP), respectively. EPSP are caused by opening of sodium channels, IPSP are caused by opening of chloride and/or potassium channels. For the excitation of the neuron strength and duration of the stimulus are important. The smallest current to initiate activation is called rheobasic current. EPSPs and IPSPs do not sum algebraically. The effect of the IPSP predominates because the increase conductance by opening of potassium and chloride channels reduces the ionic current induced by the EPSP.
As neurons work in networks, every neuron is covered extensively by axon terminal from other cells. 40-50% of the somatic and 50-80% of the dendritic surface are covered by axon terminals. Most synapses need a lot of summation to reach firing (integrative synapses), only few require only one synaptic action for firing (obligatory synapses like the neuromuscular junction). The generation of an action potential is not decided by one synapse but by the summation of the input of all synapses. At the axon hillock, the region where the axon starts from the soma, summation of all EPSPs and IPSPs occurs.
b) Neuromuscular junction
Transmission at the neuromuscular junction is a specific type of chemical synapse. The point where the axon terminus contacts the membrane of the skeletal muscle (sarcolemma) is called the neuromuscular junction. The terminus of the axon at the sarcolemma is called the motor end plate. Transmission at the neuromuscular junction is very similar to other synapses but the structure is slightly different (Fig. 6) . The axon at the axon terminal looses the myelin sheath and expands itself over the synaptic cleft. At the post-synaptic site the skeletal muscle membrane is deeply infolded. Depolarization opens the Ca 2+ channels, Ca 2+ enters the terminal and the synaptic vesicles fuse with the plasma membrane and acetylcholine is released. Acetylcholine diffuses through the cleft, binds to the receptor and ion channels permeable to small ions opens. Because of its large electrochemical gradient at the resting potential total ion current is mainly composed of sodium. The resulting depolarization resembles an EPSP. Acetylcholine is inactivated in the synaptic cleft and the degradation product taken up by the axon terminal. The neuromuscular junction is an obligatory synapse; it requires only a single action potential from one single motor neuron. Figure 6 . Neuromuscular junction. The schematic representation shows where the axon terminal contacts the muscle fibre (mf), looses the myelin sheath and expands itself over the synaptic cleft. At the post-synaptic site the skeletal muscle membrane is deeply infolded and synaptic knobs are formed by the axon terminal. Inset showing an electron microscopic picture of the synaptic knobs at the motor end plate. The axolemma (axo, correlates to the pre-synaptic membrane) at the pre-synaptic site forms active zones (arrowheads), which can be discerned as accumulation of numerous vesicles at the membrane. At the muscular site of the junction the sarcolemma (sarco, correlated to the post-synaptic membrane) forms junctional folds (long arrows). Between axolemma and sarcolemma the primary synaptic cleft is located (short arrow). In the cytoplasma of the post-synaptic muscle fibre myofibrils (myf) are seen.
Electrotonic synapses
Not all synapses are chemical synapses. There are also electrotonic (electric) synapses. These synapses are dendrodendritic synapses and preferentially seen between inhibitory neurons. Electrotonic synapses are faster (<1 msec) than chemical ones. The morphological substrate of electric synapses is the gap junction. At a so-called gap junction the membranes of two cells come close and may fuse (Fig. 7a) . Between the two membranes sodium channels are in register and form a pore. Gap junctions transmit changes between adjacent cells via protein pores called connexins. The size of these pores is regulated by intracellular Ca 2+ levels: high concentrations lead to closure of the connexons (Fig. 7b) . Differences between chemical and electrotonic synapses regard direction, delay between pre-and postsynaptic response and adaptive mechanisms. Chemical synapses are unidirectional, have a delay of 0.2-0.5 ms and show fatigue or facilitation upon repeated stimulation. Electrotonic synapses are bidirectional, have no delay and react unchanged upon repeated stimulation.
C. Neurotransmitters
More than 50 NTs have been identified so far. They can be classified according to chemical composition (acetylcholine, amino acids, monoamines, peptides, gases; Fig. 8 ), to velocity (fast/slow), to their action at the post-synaptic neuron (excitatory/inhibitory), to molecular size (small/large), and to the mode of transmission (ionotropic / metabotropic). For overview see table I.
Most NTs upon binding directly open or close ion channels, these receptors are termed ionotropic (see Fig. 6 ). Metabotropic receptors, by contrast, do not act directly on ion channels but are coupled to both ion channels and to enzymes. In both cases the NT binds to the receptor and the binding triggers activation of G-protein. The alphasubunit of the G protein may either bind to a channel, causing a structural change in the channel that allows ions to pass through. Alternatively, kinases may be activated, channel proteins phosphorylated, genes transcribed and protein synthesis induced (Fig. 9) . In this case upon binding of the NT to the receptor conformational changes lead to replacement of GDP by GTP (Fig. 9b) and adenylyl cyclase is activated (Fig. 9c) and cAMP is produced. cAMP serves as second messenger and activates other cell processes usually through protein kinase (Fig. 9d) . Metabotropic receptors acting through second messengers preferentially cause longterm effects.
Amines and amino acid neurotransmitters
In the peripheral nervous system acetylcholine and norepinephrine are the only NTs. In the brain many more NTs are active and the excitatory or inhibitory action of the NT often depends on the receptor they bind to. The action of the most important NTs and the influence of common drugs are illustrated. . Action of metabotropic receptors. a: The receptor protein is coupled to a G-protein consisting of alpha, and beta and gamma subunit. b: Upon binding of the NT to the receptor the conformation of the receptor protein is changed. The Gprotein associates with the receptor, GTP is exchanged for GDP at the alpha subunit and the beta and gamma subunits dissociate from the G-protein. c: The binding site for adenylyl cyclase is exposed and adenylyl cyclase is activated. d: cAMP produced by the adenylyl cyclase then activates protein kinase A.
Glycine
Physiology: Glycine is the simplest of the amino acids and acts by opening chloride channels.
Pharmacology:
The antagonist Strychnine binds to the receptor without opening the chloride channels. The patient experiences tetanic convulsions and ultimately dies of suffocation because of spasm of the respiratory muscles. Aspartic acid is the physiologic antagonist of glycine. It acts excitatory.
Glutamate
Physiology: Glutamate is the most common NT in the brain; it is always excitatory. Reuptake of this amino acid is powered by the Na-K-ATPase. Glutamate binds to one of the most complicated NT receptor, the NMethyl-D-Aspartate (NMDA) glutamate receptor. NMDA is a synthetic substrate for this receptor and does not occur in biological systems. Five binding sites regulate the activity of this receptor. NMDA receptors are involved also in learning by a process termed long-term potentiation 3 and receptor density is especially high in the regions involved in memory (hippocampus). Excessive activation of these receptors causes neuron damage, a phenomenon called excitotoxicity. Excitotoxicity is involved in several pathological disorders of the nervous system. Lack of glutamate uptake by glial cells due to lack of blood perfusion, with consequent increases in glutamate levels, is for instance on of the pathological mechanisms of stroke. Glutamate acts on ion channels and on metabotropic receptors (Fig. 9) . These receptors are coupled to G-proteins and act through activation of other molecules ('second messengers'). The second messenger for most NTs is cAMP produced by the adenylyl cyclase. Glutamate receptors act through phospholipase C and use either diacylglycerol or inositol-1,4,5-trisphosphate as second messenger. Pharmacology: Caffeine may induce increased alertness by blockage of adenosin receptors, which normally inhibit glutamate release. Inhibition of NMDA receptors is one important part of the action of ethanol on the brain. The hallucinogenic substance phencyclidine ('angel dust') causes psychosis by binding to the NMDA receptor. Glutamate is inactivated by re-uptake into the presynaptic terminal and into glial cells. Inhibition of glutamate uptake by inhibition of the transporter protein through mercury exposure may lead to excitotoxicity.
3 long-term potentiation is a long-lasting enhancement in signal transmission between two neurons that results from stimulating them synchronously
Gamma aminobutyric acid (GABA)
Physiology: GABA is the major inhibitory NT in the brain. For inactivation it is taken up by neurons and by glial cells. Activation of GABA receptors opens chloride channels. GABA maintains the inhibitory tone that counterbalances neuronal excitation. When this balance is perturbed, seizures may ensue. Pharmacology: Binding of a group of sedatives, benzodiazepines, to a closely associated receptor site increase the frequency of chloride channel opening. Caffeine can neutralize this effect. Tetanus toxin inhibits GABA and glycine release and causes convulsions. Some antiepileptic drugs act by increasing GABA at the synaptic cleft.
Acetylcholine
Physiology: Acetylcholine acts usually as excitatory NT and predominantly at the neuromuscular junction. Acetylcholine receptors are either fast-acting or slowacting and are named for artificial toxins (nicotine, muscarine) that activate them. Nicotinergic receptors are fast-acting and muscarinic receptors slow-acting. Skeletal muscles are controlled by nicotinergic receptors. Acetylcholine is inactivated by degradation. After cleavage by acetylcholine esterase choline is taken up in the presynaptic terminal. Curare binds to nicotinergic, atropin to muscarinic receptors. Only few brain regions involved in storage of memory and sleep show a high density of acetylcholine receptors. These are muscarinic receptors and their density is reduced in Alzheimer patients. It is supposed that loss of cholinergic neurons is an important factor in the pathology of Alzheimer. Increase of cholinergic action is also involved in the pathology of Parkinson's disease ('shaking palsy'). Pharmacology: Nicotine and acrecoline from betal nuts have euphoric effects. Nicotine may be able to improve memory in Alzheimer patients. Several other diseases are caused by a lack of acetylcholine like for instance myasthenia gravis 4 . Physostigmine 4 Myasthenia gravis is a neuromuscular disorder causing muscle weakness and fatigue. The symptoms are caused by antibodies which bind to the acetylcholine receptor and block the function of acetylcholine acts as inhibitor of acetylcholinesterase and can be used as therapy for this disease. It is used as antidote for poisoning with atropine containing plants (datura stramonium and atropa belladonna).
Dopamine
Physiology: Dopamine enters the brain by large neural amino acid transporters, which also transport phenylalanine, tryptophane and methionine, because it cannot be synthesized in the brain. Dopamine and also norepinephrine are primarily inhibitory NTs and cause arousal because they inhibit the inhibitory acting post-synaptic neurons. In addition to the inhibitory D2 receptors, there is also a stimulatory acting class, the D1 receptors. Both classes are metabotropic receptors using cAMP as second messenger. The NT is inactivated by re-uptake and degradation in the synaptic cleft by catechol-O-methyl-transferase. Not safely stored in vesicles NTs are degraded by monoamine oxidase type B in the pre-synaptic terminal. Type A of monoamine oxidase degrades norepinephrine and serotonin and type B degrades dopamine. Dopamine is essential for the motoric system and loss of dopamine causes Parkinson's disease. Deprenyl as inhibitor of monoamine oxidase and bromocriptine as D2 agonist can alleviate Parkinson symptoms. Schizophrenia may result as overstimulation of D2 receptors in the mesolimbic system 5 . Dopamine plays a key role in motivation and reward. Chemoreceptors in the medulla oblongata 6 are also D2 receptors and dopamine may induce vomiting.
Pharmacology:
Amphetamines, which stimulate D2 receptors, can induce psychotic symptoms. Antipsychotic drugs like the phenothiazines are structurally similar to dopamine; they bind to the receptor but do not trigger a response. Cocaine increases dopaminergic activity by inhibiting reuptake in specific brain regions. Amphetamine acts more generalized and inhibits re-uptake of dopamine in parallel to stimulating dopamine release. Both 5 The mesolimbic system plays an important role in the regulation of both pathological behaviours such as drug addiction and normal motivated behaviours such as sexual behaviour. 6 The medulla oblongata is the lower half of the brainstem. In this region regulatory neurons for important physiological functions are located.
stimulants produce arousal and reduce appetite and the need for sleep. They can lead to hallucinations and paranoid thinking as well. Methylphenidate, used for therapy of attention deficit disorder, blocks dopamine uptake in a controlled way. Dopamine is also involved in the perception of time-intervals. Marijuana lowers dopamine availability and cocaine and methamphetamine increase it. Phenylethylamine, naturally occurring in the brain, is chemically similar to amphetamine and may also act by causing dopamine release.
Norepinephrine (Noradrenaline)
Physiology: Norepinephrine in contrast to dopamine is synthesized in the storage vesicles not in the cytoplasma of the neuron. This NT is important for focused attention; brain levels are increased upon stress conditions. Norepinephrine acts via metabotropic receptors and uses cAMP as second messenger. Pharmacology: Benzodiazepines decrease norepinephrine levels in the forebrain and thereby may induce sleep. Norepinephrine appears to be involved in the formation of traumatic memories: beta-blocker decrease norepineprine stimulation of the amygdala, where anxiety is regulated. The antidepressant effect of monoamine oxidase inhibitors is caused more by inhibition of norepinephrine than by dopamine degradation because they act more effectively on type A of this enzyme. Another type of anti-depressants, the tricyclic antidepressants, inhibit norepinephrine reuptake.
Serotonin
Physiology: Serotonin was first detected in the blood because blood cells (platelets, mast cells) contain much more of this NT than the brain. Synthesis in the brain is influenced by the diet: a rich diet in tryptophan by consumption of milk, eggs, meat, nuts, beans, fish, and cheese leads to higher serotonin levels in the brain because more precursor for the synthesis of serotonin is available. Serotonin levels in the brain are not dependent on serotonin levels in the blood. Serotonin is used for the synthesis of melatonin, the regulator of the circadian rhythm located in the pineal gland. (v) . Several peptide NTs act on specific brain functions: corticotropin releasing peptide modifies stress response, oxytocin regulates sexual behaviour, neuropeptide Y and cholecystokinin influence food uptake and insulin growth factor increases glucose levels. Substance P is an important mediator of pain. Vasopressin enhances learning in laboratory animals but lack of vasopressin in humans is not related to memory impairment. The above mentioned peptides are used in various clinical applications but not for the treatment of disorders of the nervous system.
Only opioid peptides display their most important effects in the nervous system. They act as slow-acting cotransmitters, in general inhibitory, and modulate the action of other NTs. High levels of endogenous opioides have been measured in marathoners and women who have just delivered.
Other neurotransmitters
These NTs are also termed 'non-classical' because they are released retrograde (from the post-synaptic terminal) and in a Ca 2+ independent way. They are not stored in vesicles and show some spatial diffusion.
Nitric oxide (NO) is not stored in vesicles as conventional NTs it is synthesized on demand, short-lived and diffuses through post-synaptic membrane where it binds to intracellular receptor guanylyl cyclase at the pre-synaptic site. It can act as a neuromodulator and enhance glutamate release from adjacent synapses. It is supposed to contribute to long-term potentiation.
Carbon monoxide (CO) is an important regulator of cGMP in the brain.
The combined action of various NTs together is able to cause phenomena like facilitation (increase in the excitability; decrease in threshold) or habituation (increase in the excitability; decrease in threshold).
Processing of information by neuronal networks can be simulated very well with computer programs. The influence of neuronal excitability by numerous stimuli like fatigue, hunger, hormones, drugs, sleep/wake state etc., however, is something typically human and the most important reason why computer programs are unable to mimic the human brain.
